T he Medicare prescription-drug benefit (Part D), which was implemented in January 2006, was enacted to protect beneficiaries from ever-increasing drug expenditures and to reduce cost-related underuse of medications, thereby potentially improving the health of enrollees. Despite the likelihood of improved adherence to pharmacotherapy, the Congressional Budget Office (CBO), in estimating the program's cost, assumed that spending on medical care other than drugs would not decrease. 1 This assumption was based on conflicting evidence with respect to the relationship between increased medication use and total costs for medical care. Some earlier studies had shown that changes in pharmaceutical benefits not only affected prescription-drug use but also had offsetting effects on the use of inpatient and outpatient services. [2] [3] [4] [5] [6] [7] [8] A few studies even projected that expanding coverage of certain medications would on balance save money. 9, 10 However, the CBO reasoned that if enrollees had better drug coverage, they might be more inclined to seek care. The agency also judged that increased use of prescription drugs could increase adverse drug events, causing greater use of health services. 11, 12 Because of the high cost of Part D, an estimated $45.5 billion in 2008, 13 and the potential implications for health outcomes, it is important to establish whether Part D results in any offsetting savings in Medicare's spending on charges by hospitals and physicians.
Me thods

Study Design
We used Medicare's implementation of Part D as a quasinatural experiment among four groups of elderly beneficiaries who were continuously enrolled in Medicare Advantage plans offered by a large Pennsylvania insurer. The study design called for a time-series analysis with the use of a comparison group. 14 Medicare enrollees in the comparison group had stable, uncapped drug coverage through their previous employer, which did not change after the implementation of Part D (no-cap group). They had copayments of $10 to $20 per monthly prescription, with no spending limits or coverage gaps.
The three intervention groups had no or limited coverage before the implementation of Part D and were enrolled as individuals in a Part D plan in January 2006. One intervention group had no previous drug coverage, and the other two had drug benefits with quarterly expenditure caps on plan payments of $150 and $350, respectively, with a two-tiered system of copayments ($12 for generic drugs and $20 for brand-name drugs). The previous drug coverage of these three groups depended solely on their county of residence. Selection bias was therefore probably small.
Like most Part D plans nationally, no plan in this study included a deductible. 15 Instead, members had two-tiered copayments ($8 for generic drugs and $20 for brand-name drugs in the groups with caps of $150 or $350 per quarter and $10 for generic drugs and $30 for brandname drugs in the group previously without drug coverage) until their drug spending reached the coverage gap ($2,250 in 2006 and $2,400 in 2007) . Members could choose a drug plan with no benefits in the coverage gap or one that covered generic drugs in the gap with a copayment of $8 or $10. Once members' annual drug spending reached the threshold for catastrophic coverage ($5,100 in 2006 and $5,451 in 2007) , they paid 5% of the excess amount or a small copayment, whichever was higher. Medical benefits were similar in all four groups and did not change during the study period. The study design was approved by the institutional review board at the University of Pittsburgh.
Data Source and Population
We obtained deidentified data on enrollment, benefits, and claims from a random sample of 36,858 members (40% of 92,145) who were continuously enrolled in the Medicare Advantage plan from January 2003 through December 2007. We measured the use of prescription drugs and medical care 2 years before and 2 years after the implementation of Part D. We excluded 1756 members of the sample who were under the age of 65 years. Of the remaining 35,102 enrollees, 9487 (27%) were in the comparison (no-cap) group; the intervention groups comprised 3939 enrollees with no previous coverage (11%), 2662 with a $150 quarterly cap (8%), and 19,014 with a $350 quarterly cap (54%).
Members who had no previous drug coverage or who exceeded their quarterly coverage cap (and those reaching the coverage gap) had an incentive to fill prescriptions at contracted pharmacies because they received an average 15% discount, as compared with the cost of filling prescriptions elsewhere. Moreover, for those with drug benefits, the plan paid only for prescriptions that were filled at contracted pharmacies both before and after the implementation of Part D.
Outcomes
We calculated expenditures for drugs and nondrug medical care per member per month. Expenditures included insurance payments plus copayments. We adjusted all monthly expenditure data for inflation from January 2004 through December 2007, using the pharmaceutical and medical care components of the Producer Price Index. 16 We also measured prescription refills for two chronic conditions with a high disease burden for which medication has been shown to improve health outcomes: hyperlipidemia and diabetes mellitus. [17] [18] [19] We identified patients who had submitted at least two claims with a diagnosis of either hyperlipidemia or diabetes, according to criteria in the International Classification of Diseases, ninth edition (ICD-9), in 2003 and who had filled at least one prescription for an indicated medication in 2003. For these patients, we measured the number of prescriptions they had filled for oral medications that were used to treat these conditions per member per month from January 2004 through December 2007.
Statistical Analysis
To balance each of the three intervention groups with the comparison group, we used propensityscore weighting. In calculating propensity scores, we accounted for individual-level characteristics, including age group (65 to 74 years, 75 to 84 years, and ≥85 years), sex, and annual prospective risk scores during the baseline years (2004 and 2005) . We used risk-grouper software involving a series of proprietary algorithms (DxCG) to gen- Nondrug medical cost ($) 6,000±187 5, 838±227 6,209±88 6,267±130 erate risk scores on the basis of each member's ICD-9 diagnoses or Healthcare Common Procedure Coding System codes reported on claims. The resulting scores were similar to weights provided in the Hierarchical Condition Categories of the Centers for Medicare and Medicaid Services for adjustment of payments by the Medicare Advantage plan, reflecting the expected expenditures for each enrollee. 20 After estimating each enrollee's probability of being in the comparison group, we assigned a weight to each observation that was proportional to the estimated probability of the enrollee's assignment to the other group in the pairwise comparisons. This procedure effectively gave higher weight to enrollees in each intervention group who had characteristics similar to those of enrollees in the comparison group. 21- 24 We then calculated weighted average monthly expenditures for drugs and medical care.
We used segmented time-series regression models to estimate the time trend of weighted spending for drugs and medical care in the different groups. In the case of drug spending, we compared spending and use in three intervals: before the implementation of Part D ( For graphic purposes, the data points show 2-month rather than monthly averages of spending after adjustment with propensity-score weighting. The data points for the no-cap group have been weighted with the use of propensity scores calculated in the comparison of the no-cap group with the no-coverage group. The dollar values are the predicted spending levels from a regression analysis of the monthly data after propensity-score weighting. After the implementation of Part D in 2006, spending in the no-coverage group jumped immediately by $17 (95% CI, $9 to $25), as compared with the spending in the group without a cap on coverage (no-cap group). From December 2005 through December 2007, the average monthly drug spending in the no-coverage group increased by $41 (95% CI, $33 to $50), as compared with that in the no-cap group; spending in the $150-cap group increased by $27 (95% CI, $20 to $34), and that in the $350-cap group increased by $13 (95% CI, $4 to $22).
As chronic conditions come under control, offsets in medical costs might be seen, but we did not know how quickly they would occur. We assumed for simplicity that any such offsets would begin immediately in January 2006 and would continue at a constant rate over the subsequent 2 years.
We tested for serial correlation by assuming a first-order autoregressive correlation structure. All reported P values are two-sided. We used SAS software, version 9.2, for estimation. All estimated equations are provided in the Supplementary Appendix, available with the full text of this article at NEJM.org.
R esult s
Study Population
Even before propensity-score weighting, the groups we studied were reasonably similar in their prospective risk scores. However, as compared with the other groups, the no-cap group was younger and more likely to be male. Hypertension and hyperlipidemia had been diagnosed in at least half the enrollees in all four groups, and diabetes had been diagnosed in 20% (Table 1) .
Effects on Drug Spending
The average monthly drug expenditure in the no- Members of the $150-cap group and the $350-cap group spent $92 and $109, respectively, on drugs in January 2004 (Fig. 1) . Before the implementation of Part D, both groups had rates of monthly increases that were similar to those in the no-coverage group and the no-cap group. After implementation of Part D, as compared with expenditures in the no-cap group, spending in the $150-cap group immediately increased by $8 (95% CI, $1 to $15), and spending in the $350-cap group increased by $10 (95% CI, $2 to $19). By December 2007, average monthly drug spending had increased by $27 (95% CI, $20 to $34) in the $150-cap group, which was a 27% increase over the December 2005 level relative to the nocap group; at the same time, average spending had increased by $13 (95% CI, $4 to $22) in the $350-cap group, an 11% increase, as compared with the December 2005 level. Figure 2 shows the increase in medication use among enrollees with hyperlipidemia or diabetes who gained coverage after the implementation of Part D, as compared with the no-cap group. During the next 2 years, the number of monthly prescriptions for lipid-lowering drugs among enrollees with hyperlipidemia in the no-coverage group increased by 0.21 (95% CI, 0.15 to 0.27), as compared with that in the no-cap group, a 44% increase from the December 2005 level; the number level, and the number of prescriptions in the $150-cap group increased by 0.11 (95% CI, 0.03 to 0.19), a 13% increase. No significant change was observed in the use of oral antidiabetic drugs in the $350-cap group, as compared with the no-cap group.
Drugs for Hyperlipidemia and Diabetes
Medical Spending
Average monthly nondrug medical spending in the no-cap group was $380 in January 2004. This amount increased by an average of $4.98 per month during the entire 4 years (Fig. 3A) . The no-coverage group had similar average monthly spending and a similar underlying time trend before the implementation of Part D. In that group, however, the monthly trend in spending fell to $3.60 (95% CI, $3.28 to $3.93) after the implementation of Part D. As a result of this trend, after 2 years, the cumulative medical spending in the no-coverage group had declined by $33 (95% CI, $29 to $37), as compared with that in the nocap group.
Average monthly medical spending in the $150-cap group was similar to that in the nocap group before the implementation of Part D (Fig. 3B) . Medical spending went down in the $150-cap group beginning in 2006, with a decrease of $1.93 per month (95% CI, $1.22 to $2.64). After 2 years, the cumulative decrease in spending was $46 (95% CI, $29 to $63). In contrast, 2 years after the implementation of Part D, medical spending in the $350-cap group increased by $30 (95% CI, $25 to $36) (Fig. 3C) . The results are summarized in Table 2 and Figure 4 and in the Supplementary Appendix.
Discussion
The implementation of Medicare Part D was associated with an increase in spending on prescription drugs, and the magnitude of the increase varied according to the enrollees' previous drug coverage. Two years after the implementation of Part D, enrollees who had no previous coverage or whose pharmacy benefits were capped at $150 or $350 per quarter had increased their drug spending by 74%, 27%, and 11%, respectively, as compared with spending in the no-cap group, which had stable coverage during the same period. Enrollees with either hyperlipidemia or diabetes who had no previous coverage had an increase of 44% in the number of prescriptions they filled for medications to treat those conditions, as compared with that in the no-cap group. Among enrollees with a $150 quarterly cap, the number of prescriptions for antihyperlipidemic drugs increased by 31%, and the number of prescriptions for antidiabetic drugs increased by 13%.
After 2 years of Part D, enrollees in the nocoverage group had increased their monthly drug spending by $41, as compared with that in the no-cap group, but that was roughly offset by a decrease of $33 in their monthly medical spending, perhaps because increased use of medication led to improved control of chronic illnesses. Similarly, the group with a previous $150 quarterly cap on drug spending increased their drug spending by $27, which was offset by a decrease of $46 in their medical spending. The group with a previous $350 quarterly cap spent $13 more on drugs and $30 more on other medical services.
Before the implementation of Part D, 18% of Medicare beneficiaries nationally did not have prescription-drug coverage. 25 In addition, most enrollees in Medicare Advantage plans had an annual cap of $1,000 or less on their pharmacy benefits. 26 Hsu et al. 8 reported that a $1,000 cap in a large Medicare managed-care plan in 2003 was associated with reduced adherence to drug regimens and higher rates of emergency-department visits, nonelective hospitalizations, and death. The savings that were associated with lower drug expenditures from the $1,000 annual cap were almost fully offset by increased costs for hospitalizations and emergency-department visits.
The offsetting reduction in medical spending in the two groups with the most limited previous benefits was probably due to improved medication adherence among enrollees with chronic conditions. The increase in the number of pre- Why did medical spending rise in the group with a previous $350 quarterly cap (the most generous previous coverage among the three intervention groups), as compared with the no-cap group? The additional use of prescription drugs in all three groups probably included both overuse of some drugs and underuse of others, but the proportion of the increase that was overuse may have been highest in the group with the most generous previous coverage. Our finding that the use of oral antidiabetic drugs did not change significantly in this group is consistent with this hypothesis.
Our findings are subject to several limitations. They come from a Medicare Advantage plan and may not hold for stand-alone Part D plans, because Medicare Advantage plans have an incentive to structure copayments and formularies to minimize spending in Parts A and B, whereas stand-alone plans do not. Our study used data from a single insurer in one region, although the drug benefits before the implementation of Part D in our study span a range of benefits, as did coverage nationally. 25 To the degree that enrollees without drug benefits filled prescriptions from non-network pharmacies in 2004 and 2005, we overestimate the effect of Part D on pharmacy utilization. We believe this bias is small because enrollees received a 15% discount at network pharmacies and because the plan contracted with a large pharmacy-benefit manager with a network of 58,000 pharmacies nationwide, so there were few pharmacies that did not participate. In addition, for enrollees who had some drug coverage before Part D, the plan paid benefits only for prescriptions that were filled at participating pharmacies.
Our findings suggest that Part D increased the use of prescription drugs among enrollees who previously had either no drug coverage or modest benefits and that the cost of the increased use was approximately offset by decreases in other medical spending. Whether Part D overall had any effect on the total cost of Parts A and B, however, is less clear in light of our finding that enrollees with the most generous benefits before the im- The bars indicate the average changes in drug spending, medical spending, and a combination of the two categories 2 years after the implementation of Part D in a group of Medicare enrollees who previously had no drug coverage and in groups with previous quarterly caps ($150 or $350) , as compared with a group of enrollees who had no cap on drug coverage (no-cap group). The I bars represent 95% confidence intervals. 
